of clinical microbiology and virology, particularly for the microorganisms that are not in a replication phase or not capable of replication in vitro or in vivo. Within the next couple of years, several PCR assays using unique sets of oligonucleotide primers probably will become the standard method for detecting and identifying specific microorganisms. 4 
Feline tularemia on Nantucket Island, Massachusetts
John M. Gliatto, John F. Rae, Patrick L. McDonough, James J. Dasbach Tularemia is primarily a disease of wild lagamorphs and rodents but has been reported in many species of domestic and wild animals and is a potentially fatal zoonosis. 5 It is caused by the bacterium Francisella tularensis, a non-sporeforming gram-negative pleomorphic aerobic organism. Modes of transmission are numerous and include bloodsucking arthropods, ingestion of infected ectoparasites, contact with infected vertebrates, inhalation of contaminated dust, and ingestion of infected carcasses, insufficiently cooked infected From the Tufts University School of Veterinary Medicine, Department of Veterinary Pathology, North Grafton, MA 01536 (Gliatto), the MSPCA Nantucket Animal Hospital, Nantucket, MA 02554 (Rae, Dasbach), and the New York College of Veterinary Medicine, Diagnostic Laboratory, Ithaca, NY 14853 (McDonough) .
Received for publication March 22, 1993. meat, or contaminated water. 5 Tularemia has been infrequently reported in cats. Most feline case reports have been in reference to the infected cat as a source of exposure for human cases of tularemia. 7, 8, 12, 13 The pathology of tularemia in experimentally infected cats 9 and recently in 4 naturally infected cats 3, 14 has been described. This report describes 2 cases of naturally occuring tularemia in cats on Nantucket, an island located south of Cape Cod, Massachusetts.
In the summer of 1989, 2 castrated male cats, 19 years old and the other an adult of uncertain age, were examined because of a sudden onset of anorexia and lethargy. Both cats were allowed to roam freely outside and had a history of being good hunters of small rodents and rabbits. Physical examination revealed fever (40-41 C), dehydration, enlarged submandibular lymph nodes, and multifocal white patches along the glossopalatine arches. A complete blood count on the 9-year-old cat revealed a leukocytosis (23,700 cells/µl) with a left shift (13,750 band neutrophils/PI) and toxic neutrophils. Serologic test results for this cat were negative for FIV and FeLV, 1:32 for FIP, and 1:1,024 for toxoplasmosis.
Both cats died, and gross necropsy findings on both cats were similar. Splenic tissue contained multifocal to coalescing irregular raised white foci ( Fig. 1 ). Mesenteric lymph nodes were enlarged and contained similar lesions. Livers contained 1-2-mm-diameter randomly scattered light yellow or white areas or had no grossly visible lesions.
Formalin-fixed specimens of spleen, mesenteric lymph node, liver, and small intestine and unfixed specimens of spleen and mesenteric lymph node from the 2 cats were submitted to Tufts Veterinary Diagnostic Laboratory for his- Figure 1 . Sagittal section offormalin-fixed spleen from a cat with topathologic examination and culture. naturally acquired tularemia. Note multifocal areas of caseous ne-A Biological Safety Cabinet Class II was used for handling crosis (arrows). the unfixed specimens. Direct Gram stains revealed closely packed tiny coccoid gram-negative forms. Plating materials included Schaedler anaerobic blood agar a and chocolate agar Histologically, white areas in the splenic tissue and lymph nodes consisted of multifocal to focally extensive areas of with Isovitalex b because both media contain cysteine, a recaseous necrosis bordered by infiltrations of macrophages quirement for Francisella growth. Plates were incubated at and degenerated neutrophils (Fig. 2) . Splenic necrosis pri-37 C for 4 days with 5% CO 2 . Francisella does not require marily involved the white pulp, and in lymph nodes necrosis CO, for growth but is not inhibited by the presence of CO,. was most severe in the cortical lymphoid follicles. In the Plates were checked daily for growth and contamination. On small intestine, there was marked necrosis of submucosa1 Schaedler anaerobic blood agar, tiny 2-3-mm colonies with lymphoid follicles. The necrosis involved the overlying muzones of alpha hemolysis surrounding the colonies appeared cosa and extended into the subjacent muscular tunics. Livers about day 4 of incubation. On chocolate agar, large mucoid had randomly scattered areas of necrosis infiltrated with neugray colonies, similar in appearance to Pasteurella multocida, trophils and bordered by small numbers of macrophages ( Fig.  appeared after 3 days of incubation. Results of Gram stains 3). The lesions varied in size from necrosis of only a few of the colonies were identical to those of direct Gram stains hepatocytes to involvement of the entire liver lobule. Other of lymph node and spleen. Identification of the colonies as tissues contained no macroscopic lesions and were not sub-Francisella tularensis was based on Gram stain charactermitted for histologic examination. istics, the slow growth and cysteine requirement, and a slide History, clinical signs, and gross and microscopic lesions agglutination test with specific Francisella tularensis antiseseen in these 2 feline cases of tularemia were for the most rum. c part similar to those reported previously in the literature. 3, 9, 14 The 1 notable difference was the presence of panleukopenia seen in the 3 feline tularemia cases previously reported 3 as compared with the leukocytosis seen in 1 of the cats in the current report.
About 30 cases of an acute feline illness with histories and clinical presentations identical to those of the 2 confirmed cases of feline tularemia are examined during each summer season on Nantucket. These cases have been uniformly successfully treated with kanamycin (5 mg/kg subcutaneously twice daily), fluid therapy, and force feeding.
The causitive agent of tularemia was identified in 1911 in ground squirrels suffering a plague-like illness in Tulare County, California. 11 The New England region of the USA has been an area where comparatively few human cases of tularemia have been reported. In 1930, the first case of human tularemia was reported in Massachusetts and was associated with importation of an infected rabbit carcass. 16 In 1937, the first case of human tularemia contracted within Massachusetts was reported and occurred in Falmouth, an area on Cape Cod. 2, 4 The sudden appearance of tularemia in the Cape Cod region has been associated with the importation of 29,689 rabbits from 1937 to 1940 by various Massachusetts game clubs. Three hundred forty of these rabbits were released on Nantucket island. 4 The Cape Cod region has been regarded as an endemic focus of tularemia because of the regular occurrence of human cases in the area. 2 The F. tularensis organism may persist in this region because of the large population of ticks, particularly Dermacentor variabilis (American dog tick), Haemaphysalis leporipalustris (rabbit tick), and Ixodes dentutus. These species of ticks are capable of acting as reservoirs and of transmitting the infection. They are localized along the southern part of the Cape, including the islands of Martha's Vineyard and Nantucket. 2 From 1937 to 1947, over half of the reported human cases of tularemia from Massachusetts were the result of a tick bite. 2 Only 2 of the feline cases on Nantucket were confirmed as tularemia based on gross and microscopic lesions and isolation of the organism; however, other cats with the identical history and clinical signs could have the same disease. Differential diagnosis based on clinical signs and gross and microscopic lesions include bubonic plague, caused by Yersinia pestis, and pseudotuberculosis, caused by Yersinia pseudotuberculosis. 1, 2, 6, 10, 15 In the USA, plague is localized in the western states, 2 and clinical signs of feline pseudotuberculosis usually include vomiting and/or diarrhea. 1, 6, 10, 15 The definitive source of the infection in these cats is not known. The hunting of small rodents and rabbits provided ample exposure to possibly infected wild animals. Many of the presumably infected cats had some I. dammini ticks attached periocularly, but this tick species is not known to be a reservoir or vector of tularemia. However, prior infestation with or ingestion of other tick species that can act as vectors of tularemia is possible. Ingestion of infected vertebrates or infected ticks seems most likely in these feline cases because of the consistent presence of glossopalatine ulcers and enlarged submandibular lymph nodes. The occurrence of the majority of cases in the spring and summer may be due to increased tick populations and activity during this period or the increased cat population on the island due to the influx of vacationers with pets.
The cats infected on Nantucket have not been associated with any human case of tularemia (2 human cases on the island have been reported to the Massachusetts Department of Public Health between 1985 and 1991). However, the potential for human infection exists. In several case reports of tularemia in humans, a cat bite wound was believed to be the source of infection. 7, 8, 12, 13 In most of these cases, cats were described as being asymptomatic, but all had a history of capturing, killing, or eating wild rabbits. Workers in the health professions should be aware of this nidus of tularemia infection because of potential exposure of both pet animals and their owners. of portions of the lung and liver. Swabs taken from the abscesses within the lung and liver were used to inoculate an enriched blood agar (EBA) (tryptic soy agar base a supplemented with 5% defibrinated sheep blood, b 1% horse serum, c and 1% yeast extract d ) plate, an EBA plate supplemented with 1% hemin e and 1% vitamin K, e 2 phenyl ethanol agar c (PEA) plates supplemented with 5% sheep blood, and a MacConkey agar a (MAC) plate. Specimens were also cultured in thioglycollate a supplemented with 1% hemin and 1% vitamin IS. The EBA plate and 1 PEA plate were incubated at 35-37 C in a 5% CO, environment. The CDC plate and 1 PEA plate were incubated in an anaerobic chamber f in an environment of 10% C0 2 , 10% H 2 , and 80% N 2 at 35 C, and the MAC plate and thioglycolate were incubated aerobically at 35-37 C.
Sources and manufacturers
From the lung, there were > 100 colony-forming units of 3 different colony types on the EBA plate, 1 colony type on the PEA plate, and no growth on the MAC plate after 24 hours incubation. There was no growth on the plates incubated anaerobically. Two of the isolates that grew aerobically were identified as a-hemolytic Streptococcus. The third isolate was identified as Rhodococcus equi. Identification was based on colony morphology (pink colonies with copious amounts of mucoid material), cellular morphology (gram-
